Abstract: Some content in multimedia resources can depict or evoke certain emotions in users. The aim of Emotional Information Retrieval (EmIR) and of our research is to identify knowledge about emotional-laden documents and to use these findings in a new kind of World Wide Web information service that allows users to search and browse by emotion. Our prototype, called Media EMOtion SEarch (MEMOSE), is largely based on the results of research regarding emotive music pieces, images and videos. In order to index both evoked and depicted emotions in these three media types and to make them searchable, we work with a controlled vocabulary, slide controls to adjust the emotions' intensities, and broad folksonomies to identify and separate the correct resource-specific emotions. This separation of so-called power tags is based on a tag distribution which follows either an inverse power law (only one emotion was recognized) or an inverse-logistical shape (two or three emotions were recognized). Both distributions are well known in information science. MEMOSE consists of a tool for tagging basic emotions with the help of slide controls, a processing device to separate power tags, a retrieval component consisting of a search interface (for any topic in combination with one or more emotions) and a results screen. The latter shows two separately ranked lists of items for each media type (depicted and felt emotions), displaying thumbnails of resources, ranked by the mean values of intensity. In the evaluation of the MEMOSE prototype, study participants described our EmIR system as an enjoyable Web 2.0 service.
Introduction
Certain content in documents may represent or provoke emotions in their users. "Emotive" documents can be found as music, images and movies as well as text (e.g., poems, blog posts, etc.) The aim of Emotional Information Retrieval (EmIR) is to identify these emotions, to make them searchable, and thus to utilize them for retrieval in a variety of areas.
In this article, only a few of the many practical applications of this research are discussed. Emotional aspects play an important role in music therapy. There are connections between emotions expressed in the music and those in the patients which are being treated [1, 2] . Adequate indexing of the emotions depicted in the music would help in tracking down appropriate songs and to improve therapies. Another application can be found in advertising; emotionally colored images and videos (including music) play a crucial role. The emotional content of images or videos has to fit the message of the advertisement [3] . Besides uses in therapy and advertising, private uses are possible as well. For example, someone may want to use an emotionally appropriate image for party invitations; someone else might be looking for emotionally appropriate music for a party. Through EmIR, the information needs of such users could be fulfilled satisfactorily.
A theoretical starting point of EmIR is "affective computing" [4] , a concept related to human-computer interaction and research on information retrieval. Picard asks whether searching for emotions in retrieval systems is even possible. Are assessments of the users' feelings so consistent that they can be clearly assigned to documents and also made searchable? How can resources like images, videos and music become more accessible for retrieval systems? Information retrieval research distinguishes between two broad approaches:
• Concept-based information retrieval (with the aid of concepts and knowledge organization systems)
• Content-based information retrieval (only based on the low-level content of the document)
A time-and labor-independent approach is the automatic, content-based indexing of resources. For images, we can work with color, texture and shape. For videos, we can also work with scenes or shots, and with movement-like camera movement or recorded movement [5] [6] [7] . Content-based music is indexed according to pitch, rhythm, harmony, timbre, and-if available-lyrics. These components are all grouped under "low-level" features. Generally, these features describe metadata and basic attributes comprised of visual, auditory and textual components. But the information which can be deduced from these low-level features is limited, and therefore only partly suitable for an analysis of the semantic and emotional content. There are already approaches which try to extract emotional content from low-level features automatically. Some exemplary research projects are:
• MER (Music Emotion Recognition): [8] [9] [10] ,
• VER (Video Emotion Recognition): [11] [12] [13] , • IER (Image Emotion Recognition): [14] [15] [16] [17] [18] [19] .
Concept-based solutions are considered as promising alternatives to content-based approaches. In concept-based retrieval, users work with text-based terms such as keywords. In principle, these terms could even be extracted automatically from the content. Currently, they are primarily assigned intellectually. A first approach leads to knowledge organization systems (such as thesauri) and professional indexing. If there is a knowledge system for emotions, it would be (at least theoretically) possible to assign the feelings to the video intellectually. However, this method depends strongly on the indexer. A central problem of concept-based image, music and video retrieval is indexer inconsistency. This has been found to be particularly problematic in videos and images [20] . In a study investigating archivists' indexing of journalistic photographs contrasted with journalists' searching behaviors, "The output of the indexing process seemed to be quite inconsistent" [21] . Goodrum [22] reports that in the context of image retrieval, "manual indexing suffers from low term agreement across indexers (…), and between indexers and user queries." We do not yet have any experience with intellectual indexing of emotions. Ultimately, such an undertaking on the web exemplifies a practical problem: it is impossible for professional indexers to describe the millions of images, videos and pieces of music available online, most of which are user-generated.
The necessary time and manpower to describe all these documents argue in favor of user-generated tags (social tagging), as used in various Web 2.0 services [23] . Folksonomies are either "narrow" (only the author of the document may assign tags; for example, YouTube), "extended narrow" (authors and their friends may also attach tags, but every tag is only assigned once, e.g., Flickr) or "broad" (each user of the information service may assign tags, which can therefore be assigned several times to a document, e.g., Delicious or Last.fm).
There is an even greater problem with indexing inconsistency in narrow and extended narrow folksonomies. Only relatively few consistency problems occur in those tags that are assigned most often in broad folksonomies with a sufficiently large user base. However, the tags here do not come from any standardized vocabulary, but from the language of the user. Those users rarely use emotions to index resources.
Thus, our survey of the research ends with a rather negative result: at present, neither content-nor concept-based retrieval provides useful results for the emotional retrieval of images, videos and music on the internet.
Emotional Basics
In order to get a clear understanding of what "emotions" are, we can consult psychology discussions and research results. The research of emotions has a long history, but it has nonetheless so far proven impossible to agree on a common, exact definition of the concept of emotions. Although everyone knows what an "emotion" is, formulating a concrete terminology is rather difficult to accomplish [24] . Schmidt Atzert also concludes that no consensus has been reached concerning the meaning of "emotion" in [25] .
According to Izard [26] a complete definition of "emotion" has to cover three aspects:
• the experience or conscious sensation of the emotion,
• the processes which are formed in the brain and the nervous system, as well as • noticeable bodily reactions, especially facial expressions.
As early as 1981, Kleinginna and Kleinginna examined 100 statements and definitions from pertinent specialist books, dictionaries and introductory texts and tried to formulate a working definition: "Emotion is a complex pattern of changes which comprises physiological excitation, sensation, cognitive processes and behavior patterns that arise in response to a situation which the individual has perceived as important" [27] .
Meyer, Reisenzein and Schützwohl also conduct their research on the basis of a working definition, since the definition itself is a central question within emotion research and is therefore not a prerequisite for scientific research of emotions, but rather its result [28] . But despite these factors, emotions can still be somewhat more closely characterized, according to Meyer, Reisenzein and Schützwohl in [28] : They are current mental states, and we can thus distinguish between them and other concepts like dispositions and moods. Emotions are further aimed at one or several specific-not necessarily actually existing-objects that cause said emotions. Another feature that the authors mention is that emotions show up in the so-called reaction triad consisting of subjective, behavioral, and physiological aspects. Emotions also have a certain quality, intensity and duration. The quality functions as a grouping feature, so that a situation like "person A is happy" can be categorized as belonging to the quality type happiness. The concrete occurrence of an emotion of a certain quality type is further defined by its duration as well as its intensity. According to Meyer, Reisenzein and Schützwohl, the strength of an emotion can be measured on a scale from low to medium to high intensity [28] .
Different theories of emotion research with varying biases try to clarify how emotions are formed. Behavioristic approaches emphasize the preconditions that cause the emotion as well as the resulting behavior. Emotions are seen as innate (fear, anger and love) or develop as conditioned reaction patterns to certain stimuli [29] .
Furthermore, there are evolutionary psychological approaches, which stress the adaptive functions of emotions (e.g., their survival function) that were in all likelihood caused by evolution. They can be traced back to Darwin [30] , who wanted to prove the phylogenetic development of emotions, and have since been taken up by various emotion researchers [26, [31] [32] [33] [34] [35] [36] [37] .
Cognitive-physiological theories postulate that emotions are caused by the interaction between physiological changes. Humans develop and adapt their emotions through the (in) direct perception of those changes [38] [39] [40] . Attribution theories describe how humans try to understand and control their environment through the attribution of agency. According to these theories, emotions are reactions to action outcome [41, 42] .
In the course of our research, we had to consider which emotions should be included in the project and used for EmIR. Psychology researchers commonly reduce emotions to a small and relatively fixed number. These are called fundamental or basic emotions [43] . However, the exact number is still controversial, since the emotion researchers following differently oriented theories do not manage to reach a common agreement.
Current approaches to emotional music retrieval [44] as well as emotional image retrieval [45] work with five basic emotions: sadness, happiness, anger, fear, and disgust [46] . Following the psychological literature, we decided to expand upon those basic emotions. The fundamental emotions for our project are thus: sadness, anger, fear, disgust, shame, surprise, desire, happiness and love. Although it is typically not included as a basic emotion in psychological literature, we have also added humor/wit in order to cover this highly media-related aspect.
We can take note of the following things:
1. The concept of emotions is difficult to define and thus no commonly accepted definition has yet been found. We try to approximate the meaning through the use of working definitions and features of emotions. 2. There are different approaches to categorize emotions in psychology which are founded on different psychological orientations and pursue differing goals based on differing assumptions.
Emotional Multimedia Indexing and Retrieval
To understand what EmIR and indexing means and to understand what kind of problems it entails, one has to be concerned with the basics of information retrieval. A retrieval system is "a system that is capable of storage, retrieval and maintenance of information" [47] and is designed to retrieve "information which may act as a supplement to human conscience and unconscious mental conditions in a given situation" [48] . Information indexing is a method of description and summarization of content in documents. It employs methods and tools of information filtering (e.g., folksonomy, nomenclature, classification system, thesaurus, ontology) and of summarization methods (abstracting and information extraction). Information encompasses all types of media and formats, which we are able to publish online. This includes textual content as well as audio-visual content (images, videos, music/sounds). In the Web 2.0 environment, we can find a multitude of user-generated content, e.g., images (Flickr), videos (YouTube), and music (Last.fm). Essentially, online information is multimedia-based content. However, current information retrieval systems are mostly only able to utilize metadata that appears in textual form, making search and retrieval of non-text information problematic.
Digital multimedia systems have the potential to offer users many possibilities for access modes. The inclusion of the emotional dimension in information indexing and retrieval is slowly becoming a central point of research. To this end, features extracted from the lower levels are often combined with new-intellectually facilitated or automated-methods in order to achieve an emotion-based annotation.
Emotional Image Indexing and Retrieval
Most existing approaches to emotional image and music retrieval and indexing have fallen into either the content-based or concept-based lines of thought. This research bifurcation [49] is unfortunate; not only does it allow for the best features of both approaches to work together [50] , but each method exhibits its own weaknesses [45] .
For these reasons, Lee and Neal [44] as well as Schmidt and Stock [45] advocate for a new approach that allows for the use of folksonomies as well as slide controls for "tagging basic emotions and their intensities". Their preliminary studies suggested that prototypical representations for basic emotions may exist, and that combining prototypes with scroll bars for indicating emotion intensity may be a satisfactory method of retrieving documents by emotion. Tagging is a promising way to address the emotion-based subjectivity issues inherent in indexing non-text documents [44] . Knautz et al. stated in [51] that when people tagged images for emotion and intensity of said emotion for their study, they found it fun. This approach is further investigated in the current paper. While searching by emotion in digital image, musical, and video documents is a new concept to most people [51] , the authors believe that it will be a welcomed method of retrieval once it is more thoroughly researched and implemented.
Although the "influence of the photograph's emotional tone on categorization has not been discussed much" [52] , "images are to be considered as emotional-laden" [45] . Scholars from the art domain, such as Arnheim [53] , have discussed the existence of emotional connotations in visual works, and information science scholars have observed the existence of emotions inherent in people's semantic descriptions of visual documents. For example, participants in Jörgensen's study [16] provided emotion-based descriptions such as "angry looking" and "worn out from too many years of stress". Conversational or uncontrolled responses to images in studies such as O'Connor, O'Connor, and Abbas [54] , Greisdorf and O'Connor [55] , and Lee and Neal [56] frequently included affective connotations. The difficulty, of course, is the highly subjective nature of a visual image, especially when higher levels of semantic understanding are used [57] .
The emotional, subjective nature of a visual document becomes even more complex when the translation between text and image comes into play. While "pictures are not words and words are not pictures" [58] , text and image definitely work together to convey the emotional meaning of an image [59, 60] . Neal demonstrated that emotions within "photographic documents" containing emotion-based tags on Flickr are conveyed with an interplay between the image, the associated text (captions, titles, tags, etc.), and the social interaction provided by visitors to a Flickr photograph. Additionally, "happy" pictures are more common on Flickr than sad, angry, disgusting, or fearful pictures. Her model of text-based and image-based methods of emotion conveyance were tested in a follow-up qualitative study of pictures tagged with "happy" which demonstrated that photographs of smiling people and "symbolic" photographs (such as flowers, weddings, and natural beauty) may be the most common types of "happy" pictures on Flickr [61] . In this paper, she also suggests that serendipitous exploration, not just "search," may be needed for users to interact with emotions present in photographs. Yoon's small-scale study [62] provided promising results for the use of the language-independent Self-Assessment Manikin (SAM) in assigning emotional representations for images, despite subjectivity issues.
These points of variation noted, research noted in Jörgensen [63] suggests that affective responses to pictures are fairly universal, as demonstrated with psychological research such as studies involving the International Affective Response to Pictures (IAPS). Even if this is true, the significant increase in the number of non-text documents now available online makes it impossible for people, whether librarians or everyday users, to supply all the potential descriptors needed to represent associated emotions. For this reason, the trend in concept-based emotional image retrieval research is noteworthy. In most cases, this work involves tying low-level visual features such as lines, colors, and textures to their translations in art [64, 65] and implementing these connections using computer algorithms. For example, "horizontal lines are always associated with static horizon and communicate calmness and relaxation; vertical lines are clear and direct and communicate dignity and eternality; slant lines are unstable and communicate notable dynamism" [66] . Working from this perspective, Wang and Wang [67] note four issues in emotion-based semantic image retrieval: Performing feature extraction, determining users' emotions in relation to images, creating a usable model of emotions, and allowing users to personalize the model. These rules are widely noted in the content-based literature: "defining rules that capture visual meaning can be difficult" [68] . Dellandrea et al. [69] noted three issues in classifying emotion present in images: "emotion representation, image features used to represent emotions and classification schemes designed to handle the distinctive characteristics of emotions."
Methods of content-based emotional image retrieval implementation have included the Support Vector Machine approach [70, 66] , machine learning [71] , fuzzy rules [72] , neural networks [73, 74, 69] , and evidence theory [69] . While the majority of these studies suggest promisingly effective results, the systems are very minimally tested by users before they are reported in research. Additionally, personal preferences and individual differences are not incorporated into the work.
Emotional Music Indexing and Retrieval
The existence of emotions inherent in listening to and creating music is undeniably widely experienced [75] [76] [77] . Based on the efficacy demonstrated in empirical research, music is frequently utilized for improving conditions associated with various illnesses [78, 79] , and is used often in advertising despite mixed research results [80] . Musicologists have identified various musical elements that convey particular emotions, such as the "descending tetrachord" element present in works such as "Dido's Lament" in Henry Purcell's opera "Dido and Aeneas" [81] . Hevner's frequently cited study [82] outlined sets of emotion-based adjectives as they relate to musical elements, such as major keys sounding "happy, merry, graceful, and playful," and dissonant music sounding "exciting, agitating, vigorous, and inclined toward sadness". However, "the notion of musical emotions remains controversial, and researchers have so far been unable to offer a satisfactory account of such emotions" [83] . Emotional response to music is a growing area of interest in psychology, computer science, and information science, although researchers in these complementary fields rarely cite each other.
Emotional music retrieval and indexing is a relatively new field that deserves much more research. Recent, modestly-sized information science studies involving tagging and music emotion have also concluded that it is difficult to agree on which emotions are represented in specific music. Lee and Neal [44] found that participants rating emotion present in music considered prototypical of basic emotions agreed more on "happy" music with a relatively high level of agreement, but music representative of other emotions represented little to no agreement. Neal et al. [84] received similar results, noting that harmonic, timbral, textual, and bibliographic facets of popular music may influence users' choice of emotion-based tags more than the pitch and temporal facets [85] . Hu and Downie [86] found relationships between artist and mood as well as genre and mood.
There has been little work to date on emotional music retrieval; most of what does exist has taken a content-based approach. Like content-based emotional image retrieval, content-based emotional music retrieval aims to link low-level musical features with commonly associated emotions. Huron [87] noted that while it is important to index musical mood, musical summarization and characterization are difficult tasks. Additionally, Chai and Vercoe [88] noted the importance of user modeling in music information retrieval, but also noted its difficulty, since different users have different responses to music. Approaches to content-based emotional music retrieval have taken forms similar to its image counterpart. These include vector-based systems [89] [90] [91] , music extractions with coefficient histograms [91] , fuzzy logic [92] , software agents [93] , accuracy enhancement algorithms [94] , interactive genetic algorithms [95] , regression [96] , emotional probability distribution [97] , extraction by focusing on "significant" emotion expression [98] , and emotion classification by ontology [99] .
Lu and Tseng [100] present an interesting approach to music recommendation, combining "content-based, collaboration-based and emotion-based methods by computing the weights of the methods according to users' interests". Oliviera and Cardoso [101] present one of the few interdisciplinary studies that could be located on this topic, describing an affective music retrieval system based on a knowledge base grounded in music psychology research. Dunker et al. [102] outlined an automatic multimedia classification system; similar to the tagging studies described above, more consistency was found with images than with music. In addition to user subjectivity inherent in experiencing emotions while listening to music, the "multilabel classification problem" [91, 103] signifies that more than one emotion can be attributed to one piece of music. Bischoff et al. [104] conducted a user study in Facebook to determine the quality of their mood-based automatically created tags, providing promising results. The use of both lyrics and audio in automatically extracted musical mood classifications may be more effective than audio alone [105] . Kim et al. [106] provide a thorough overview of automatic emotional music retrieval beyond what can be realistically provided in this article.
Emotional Video Indexing and Retrieval
In the field of emotion-based video indexing, the low-level features are comprised of the audio and visual realms. In this section, a few interesting research projects shall illustrate which methods may be used in order to obtain an emotional augmentation of content. Based on their approaches, the studies can be divided into two categories:
• Utilization of categorization models • Utilization of dimension models When using a categorization model, we work with preassigned emotion types with respect to basic categories. Thus Salway and Graham [12] , for instance, use audio descriptions of films in order to extract the emotions of the actors. Based on the cognitive emotion theory, according to Ortony et al. [107] , the narrative structures of 30 films were evaluated. Twenty-two emotion types, comprising a total of 679 tokens (semantically related keywords, grammatical variants, synonyms and hyponyms), were used for classification.
Besides the automatic extraction of the emotions, a validation test was performed in which participants performed an intellectual categorization for four films. Only the emotions that were actually present are shown in the figures, and they are augmented with temporal information. Salway and Graham concluded that all 30 films contained the emotion "fear" and many films also contained positive emotions towards the end of the films. The control test showed a relationship of 63%. The frequency of emotions allows, amongst other things, to draw conclusions concerning the type and climax of the film. Information drawn from dialogues, lighting and music was not incorporated and will-together with emotion intensity-form an additional exploratory focus in their continuing study.
When an emotional analysis of the contents is performed on the basis of a dimensional model, one can work with a two-dimensional model comprising arousal and valence of emotions, or with a three-dimensional model according to Russel and Mehrabian [108, 109] . According to Mehrabian, the three-dimensional model is very similar to Wundt's behavioristic model [110] , although it is not based on it. In detail, the (P-A-D) model represents the following dimensions:
• pleasure and displeasure (valence; analogous to Wundt's Lust and Unlust) = P • arousal and nonarousal (intensity; analogous to Wundt's Erregung and Beruhigung) = A • dominance and submissiveness (dominance; only roughly similar to Wundt's Spannung and Lösung) = D While Wundt used his model to describe the course of an emotion, Mehrabian created his dimensional model in order to categorize and group emotions. Arifin and Cheung [111] have a similar understanding of the use of a dimensional model: "This model does not reduce emotions into a finite set, but attempts to find a finite set of underlying dimensions into which emotions can be decomposed." Thus, the goal is to identify and classify emotions in a space defined by intensity and valence.
Soleymani et al. [112] conducted a study to assess film scenes emotionally on the basis of a two-dimensional model. They combined the subjective impressions of the viewer (intensity and valence) with audio-and video-based low-level features and physiological examination (e.g., blood pressure, breathing, temperature, etc.) They used 64 scenes from eight movies of different genres (drama, horror, action, and comedy) which were shown to the participants in random order and with neutral intermediate elements. The subjective impressions of the participants were captured by the subjects themselves using sliders. Soleymani et al. found out that the subjective impressions sometimes differed greatly from the actual physical symptoms, which were consistent. All in all, the emotions that the participants felt fluctuated greatly and changed according to the participant's personality and mood. The extraction of multimedia features and their combination with physiological responses, however, is seen as an adequate method for the emotional analysis of video material by the authors based on their research results. Other studies which combine dimensional models with physiological examinations are, for example, Chanel, Ansari-Asl, and Pun [113] , Chanel, Kronegg, Grandjean, and Pun [114] or Khalili and Moradi [115] .
Hanjalic and Xu [116] also extracted low-level video-and audio-based features from videos (motion, shot length variation, sound energy and pitch) and dimensionally related these to valence and arousal of the user's emotion. In this way, they obtain emotion curves, which can be used to extract highlights in films and sports features (see also [117] ).
Cui et al. [118] showed how the dimensional model of emotional indexing can be used for music videos. They envision a way to allow for more effective video retrieval than the traditional bibliographic search by using emotional indexing of videos to satisfy emotion-based user queries. They base their work on Zhangs et al. [119] [120] [121] in the area of emotion-based analysis of music videos. They extract emotion-based audio features and evaluate their correlation with intensity and valence. Additionally, participants rate some of the videos on a four point scale with respect to the two dimensions. Cui et al. could thus identify eleven features like short time energy, saturation and sound energy that correlated with the intensity. Eight features (e.g., tempo, short time energy and motion intensity) correlated with the valence. Other studies which try to discover emotionally relevant audio features are, amongst others, Lu, Liu, and Zhang [122] and Ruxanda, Chua, Nanopoulos, and Jensen [123] .
Chan and Jones [11] used 22 predefined emotion labels in their study and combined these with automatically extracted low-level audio features to index films emotionally. Chan and Jones used the results of Russell and Mehrabian for their work, and associated each measured point on their affect curve (see also [116] ) with an emotion described by its valence and intensity. They used text statistics to index a film with its dominant emotions [124] . Based on his studies on the analysis of emotional highlights in films, Kang [125] worked with the intensity and valence model as well as with categorization. He trained two Hidden Markov Models (HMM) and was able to identify the emotions sadness, fear and joy in films [126] . Arifin and Cheung [111, 127, 128] showed how the dimensional model can be used to segment videos according to emotional concentration. For instance, in their study "A Computation Method for Video Segmentation Utilizing the Pleasure-Arousal-Dominance Emotional Information," they used an HMM in conjunction with a three-dimensional model to identify the emotions sadness, violence, neutral, fear, happiness and amusement.
Xu et al. [129] also used an HMM in their study to identify five predefined emotions, but they combined it with a fuzzy clustering algorithm for the analysis. The intensity levels were high, medium and low. The precision of emotion discovery was found to be higher in action and horror films than in dramas and comedies. Xu et al. concluded that fuzzy clustering is an appropriate method for identifying emotional intensity, and that a two step analysis offers a slight improvement in emotion identification.
The illustrated studies show that emotional indexing is not only possible in various ways, but also that research in the field has only just begun. Researchers currently work with a fixed set of emotions (categorization model) or on the basis of the intensity and valence of emotions (dimensional model). Some studies combine both models by trying to categorize emotions according to their dimensions. The extraction of appropriate low-level features relating to emotions forms an important starting point in many studies. Furthermore, the studies show that not only the emotions displayed in the video, but also the emotions that are experienced by the viewer, are objects for research. In this paper, we introduce an alternative way of indexing documents, which uses the theories and studies introduced in this section as a basis.
Our model (Figure 1 ) uses the knowledge gained from the different studies and consists of three blocks/constituents. Currently there is no satisfactory way to emotional index multimedia documents on a content-and concept-based level on the web. In conclusion, the different indexing approaches lead to the result that the use of broad folksonomies is the most appropriate method, with many different people indexing the same resource (Section 1).
In our indexing approach we use the results of research on emotional videos, since they include both aspects of image and music. This raises the question whether a categorical or dimensional-based approach should be used. We combine both models and use a solid set of ten emotions (category model) on the basis of emotion research (Section 2). Furthermore we give the opportunity to evaluate the intensity (model dimension) (Section 3). 
Slide Control Emotional Tagging: Consistent and Useful for a Search Engine?
If we want to construct a search engine for emotional-laden documents in the context of Web 2.0, we must be sure that users are able to tag basic emotions consistently, and that we are able to separate the appropriate emotions. The most useful method of indexing such documents on the web is to use a broad folksonomy, i.e. to let a multitude of different people index the same pieces of information (in this instance, images, videos, and music). The psychological studies previously described lead us to utilize ten basic emotions for this task. Furthermore, we know that emotions have intensities. Building on these three results, the following proved most workable in indexing instances of feeling:
• a controlled vocabulary for the ten basic emotions, • slide controls to adjust the intensity per emotion (Scale: 0 [non-existent] to 10 [very strong], • the broad folksonomy, thus letting different users tag the documents via the different slide control settings.
Previously, we conducted two empirical studies (with images in [45] , and with videos in [51] ) to answer three basic research questions:
• How consistent are user-oriented procedures for tagging emotions in multimedia documents?
• How many different users are needed for a stable distribution of the emotion tags? Are there stable distributions of the emotion tags at all? • Can power tags corresponding to the emotions ("power emotions") be derived from the tag distributions?
Schmidt and Stock [45] selected 30 images from Flickr, which were presented to test persons in order to index them by type of emotion (disgust, anger, fear, sadness, happiness) and their intensity. 763 persons finished the slide control tagging of all images. In another study, Knautz et al. [51] replicated the experiment with videos and a set of nine basic emotions. A total of 776 people watched 20 films each (prepared YouTube documents) and tagged them via slide controls according to the different emotions. In contrast to Schmidt and Stock's study, Knautz et al. differentiated between emotions expressed in the documents and emotions felt by the participants. To test the consistency of emotional votes, they calculated the standard deviation of the votes for all basic emotions per document, and then determined the arithmetic method of the standard deviations per emotion. The lower the value, the more consistently the subjects voted. Table 1 shows the results. What we see in image tagging is a gradation of consistency from disgust (with the best consistency) to happiness (with the lowest consistency). One finding of particular importance to these results is that people obviously agree more on disgust, anger, and fear than on sadness and happiness. In video tagging, both the expressed emotions and the experienced emotions showed relatively low values of standard deviation, and consequently high consistency values for the participants' estimations.
There is a very high consistency for the emotion of love in particular (with a median standard deviation of 0.88 for the expressed emotion and 0.66 for the experience), but disgust, sadness and anger are apparently also highly consensual. Surprise produced an interesting result as this emotion is (with a value of 1.94 for the expressed emotion) the most contentious of all in the video voting. Fun also leads to large differences in interpretation (the standard deviation being 1.75). We can answer the first research question in the positive: participants did indeed consistently index emotions in images and videos. This means that a central hurdle with regard to emotional retrieval has been overcome. It can be assumed that users allocate more or less the same basic emotions to the documents, with at least similar intensity.
The goal of the second research question was to find out how many users would be needed to lead to a stable distribution of the emotional tags. Afterwards, the number of slide control adjustments might change, but without any repercussions on the shape of the distribution curve. In order to find out how many people are needed to provide tagging stability, the numbers of participants for the respective documents (here, videos) are divided into eight blocks with n participants: 1st Block: n = 76, 2nd Block: n = 176 etc. up to the 8th Block: n = 776. For each of these blocks, the average slide control adjustment per emotion was calculated for each video. We will exemplify this procedure with the concrete example of video no. 20. The average slide control adjustment for anger (as an expressed basic emotion) was 6.3 for the first (randomly selected) 76 participants, 6.6 for 176 subjects, and so on, until the final value of 6.6 was reached with the number of 776 participants. The same procedure was repeated for all other emotions. The evaluations make it clear that a stable distribution is reached as early as in the first block. Votes that break away from the arithmetic mean are "corrected" by the sheer number of users. This means that in emotional indexing practice, we do not require a large number of tagging users; if anything, the distribution of basic emotions "stands" with a few dozen users. But there is a "cold-start" problem: if there are only a few users providing tags, we are not able to separate the appropriate emotions.
There are three different forms of distribution that appear: First, the users find no predominant emotions at all, resulting in no distribution; second, there are Power Law distributions, where one emotion dominates all others; third, there are inverse-logistical distributions with several items heavily represented. The Power Law and the inverse-logistical distribution are typical curve progressions for rankings of informational objects [130] .
Can we conclusively separate from among the distributions those basic emotions that provide the best emotional description of the video in question? To solve this problem, we draw on the concept of "power tags" [23, 131] . "Power tags are tags that best describe the resource's content, or the platform's focal point of interest, according to Collective Intelligence … since they reflect the implicit consensus of the user community," as defined in [23] . We are interested only in power tags on the resource level. Peters [23] emphasizes that the restriction of a power tag search will increase that search's precision, as the document-specific "long tail" of tags will no longer be searched. As we have only ten basic emotions in total, it appears to make sense to regard all terms from the second-ranked one on down as the "long tail", and to cut them off accordingly, in the case of a Power Law distribution. Such a distribution follows the formula f(x) = C/x a , where x is the rank position, C a constant and a a value between (roughly) 1 and 2. To make sure, we will assume a small value for a (at the moment, we calculate with 1). A curve is a Power Law precisely when the value of the item ranked second is equal to or less than half of the value of the item ranked first. In all other cases, the form of distribution is noted as "inverse-logistical" (this does not correspond to the prevalent opinion in the literature, which defines the turning point of the distribution as a threshold value [23] , but is easily applicable). For inverse-logistical distributions, all emotions are noted whose intensity value is larger than/equal to the used threshold value (at present, we work with 4). Thus, up to three emotions could be indexed. Now we are able to answer the third research question. In the distribution of basic emotions according to a Power Law, exactly one emotion is filtered out, which is allocated to the resource as an emotional point of access. In the case of inverse-logistical distributions, several emotions (two or three) are attached to the resources. We must distinguish between expressed emotions (related to the documents) and experienced emotions (related to the users' feelings), as the users rate them differently as well.
Media EMOtion SEarch (MEMOSE)
MEMOSE is an attempt at comprising emotional-laden, user-generated image, music and video content within one information retrieval system. Based on the different types of EmIR, Knautz et al. [51] implemented a specialized search engine for fundamental emotions in several different kinds of emotional-laden documents called Media EMOtion SEarch (MEMOSE). The first approach covered only a limited set of images from Flickr. The further development and significant points of the system will be presented here. The retrieval of emotional-laden documents is the most important part of MEMOSE.
However, before these parts are described in detail, we will describe how data is put into MEMOSE, and how emotional values are assigned.
MEMOSE Indexing Sub-System
MEMOSE is a web application built upon a relational database, with PHP scripts for processing and visualizing data. As a basis for multimedia documents, MEMOSE can process data from Flickr (images), YouTube (videos) and Last.fm (music). To put a multimedia document into MEMOSE, the user just needs to know the URL of a document present in one of the three mentioned services. This URL is then checked for validity and processed further with help of the respective API in order to gather the title, tags, and other metadata. These data are stored in a relational database. The documents themselves are not stored in MEMOSE, but rather are accessed from their original websites. Because of this, a periodical check for availability is needed in order to ensure that there are no missing documents in the list of results. After adding a document, the user is asked to emotionally tag the respective document. For this purpose, we use slide controls to enable the user to value the document with emotions, as can be seen in Figure 2 .
The user can see a preview of the document respective to its type: a thumbnail-size image, a video in an embedded player, or a music track in an embedded player. Below the document, the user can see the title of the document, and a group of 20 slide controls partitioned into two groups.
We differentiate between the emotion that is expressed (what is displayed) and felt (what the user feels while interacting with the document). Therefore, we display the ten basic emotions for each of these emotion types.
The range of every slide control contains values from 0 to 10 in order to get gradual results and to enable the user to be able to tag the document with a modifiable intensity. Since every user of MEMOSE can tag every multimedia document existing in the system, we use the approach of broad folksonomies. To avoid abuse of the system, each user can tag a document only once. A document can be retrieved only if a certain amount of users have tagged it. In order to encourage the users to tag documents which have not yet reached the necessary number of emotional tags, these documents are shown in random order with the request to tag these documents.
MEMOSE Retrieval Sub-System
The retrieval interface of MEMOSE consists of 10 checkboxes for each emotion, a text field for search terms, and a "Search" button. A screenshot of the search interface is shown in Figure 3 . The user can search only for one or more emotions without entering search terms. This way the user will get the highest rated documents in descending order. If search terms are entered, these will be included in the query. The basis for search terms in a query are the tags retrieved from the mentioned web services. For every document, all assigned tags are stored in the MEMOSE database. The user's search terms are matched against these tags in order to get results for this query. As a supportive element, an auto-completion feature is used. The results are displayed in two tabbed slide controls, one for expressed and one for felt emotions. Every query is executed for all three media types. The three tabs correspond to the three media types. Inside the tabbed environment, four documents are displayed. Images are represented by thumbnails, and videos and music are represented by icons.
Below the title, the intensity of the chosen emotions and a button that leads to the tagging area for the respective document are displayed. The intensity of emotions is shown separately for every chosen emotion with a colorful scale as well as the arithmetic mean value of assigned emotional tags. An example for a result list is shown in Figure 4 . By clicking the image or icons, an overlay opens and shows the document either as a larger image or in an embedded player together with the emotional scales and the "Memose me" button. Further results can be displayed using the arrow elements at the right end of the slider. Besides the normal search interface, there is another search interface for advanced users. With this advanced search interface, the user is able to choose which media types should be searched, and whether only felt, only expressed, or both options should be applied. Further text fields for a search for at least one of the given terms or to exclude terms from a query are available. Figure 4 . Search results in a tabbed slider environment.
Evaluation
For the evaluation of MEMOSE, three different methods were utilized:
• IT-SERVQUAL [132] [133] [134] [135] ;
• Customer Value Discovery [136] ;
• Usability [137] .
For the IT-SERVQUAL method the participants were 50 undergraduate information science students. The same 50 participants were taken for the second method that acted as "users" and additional 7 graduate information science students who developed the MEMOSE prototype were taken as "developer" participants. The usability evaluation was divided into two parts. For a thinking-aloud test 13 regular Web 2.0 users aged 19 to 30 were used and for an online survey 74 participants with the same profile were taken.
As it does not appear useful to only work with "classical" indicators for a Web 2.0 service as MEMOSE, the evaluation is based on the tool box of evaluation methods that has been developed by Knautz et al. [138] . The methods IT-SERVQUAL and Customer Value Discovery are applied to Web 2.0 services as well as the aspect of enjoyment. Knautz et al. [138] stated that fun is a very important usage aspect in Web 2.0 environments. Figure 5 describes the IT success model that was used for the evaluation. The following methods and models were developed using this model as a basis.
First, we utilized the SERVQUAL method. For this portion, two questionnaires with similar questions were designed in order to get information for the four dimensions of system quality, information quality, intent to use/perceived benefit, and user satisfaction. The basis for the contained questions was the information system success model from DeLone and McLean [139] and the revised version of this model from Jennex and Olfman [140] , which have been combined into one model and used in our IT success model (see Figure 5 ). Both questionnaires had 22 statements, each containing a Likert scale with a range from 1 to 7. The first questionnaire presented statements about properties an optimal retrieval system should have with respect to ease of use, processing time, retrieval of relevant information, trust, stability, and so on. For example questions like "The search for emotions is an interesting feature for a retrieval system" or "The search interface of an optimal retrieval system is easy to understand and easy to use". The questions on were changed on the second questionnaire so that the questions focused on MEMOSE. This questionnaire was given to 50 undergraduate information science students before they knew anything about MEMOSE and its purpose. Later, the participants were introduced to MEMOSE and were encouraged to use it. After having used MEMOSE for some time, the participants were asked to fill out the second questionnaire. This questionnaire contained the same kinds of statements as the first one, but the questions were aimed towards the MEMOSE prototype that the participants used. In order to get the overall rating for every question, the actual values for each question were summed, normalized by number of participants, and subtracted from the normalized sum of expected values. After doing this for every question, statements about MEMOSE's quality could be made. The results for the questions can be further aggregated regarding the four dimensions that should be analyzed, and this led to the following results.
For the dimension of system quality, the expected value is 5.6, not far from the actual value of 5.23. The users had high expectations regarding system quality, and the results for MEMOSE fulfill these expectations with only minor concerns. For the dimension of information quality, the expected value is 5.64, a little higher than the actual value of 4.83. This result shows that there is room for improvement in information quality; in other words, the users were not totally satisfied with the retrieved results. Regarding the dimension of intent to use/perceived benefit, we can draw a similar conclusion, with an expected value of 5.74 and an actual value of only 4.73.
The expectations for this dimension are high, and the actual condition is not able to meet this value, although it is above the mean value of 4. The last of the four analyzed dimensions is user satisfaction. For this dimension, we received an expected value of 4.56 and an actual value of 4.12. The results for this dimension are similar to the ones for the two dimensions before: the value of the actual condition is below the expected value but it is above the mean value of value, and the difference is rather small. One set of questions in which a considerable difference was detected is "I would use an optimal retrieval system again" versus "I would use this retrieval system again" with an expected value of 6.45 and an actual value of 3.36. This result clearly showed that the users were not pleased with the retrieval system as it existed at the time of this evaluation.
The Customer Value Discovery research method [136] was used to compare satisfaction regarding the main components of MEMOSE from two groups: users and developers. The "user" participants were the same as for the SERVQUAL method. The developers were seven graduate information science students who received the same questionnaire and were asked to fill it out in regards to their expectations of the users' evaluation results. The same questionnaire was used for both groups, and the groups did not know the other group's responses. The developers made a good estimate of how the users would rate the system. For 13 out of the 22 statements, the difference was below 1. The mean deviation is 0.79, whereas the maximum deviation is 1.96. Differences between 1 and 1.96 were found for the statements that applied to the operation of MEMOSE. The developers assigned lower values to both ease of use and relevant results, so they had lower expectations regarding these points. The participants rated these statements higher, and were more pleased with the search and the results they received. Overall, only small differences between the two groups could be measured, from which we concluded that the developers are aware of existing issues and suboptimal features. However, many of the missing and suboptimal features could not be addressed because of the limited amount of time that was available to develop this system. Furthermore, we administered a usability test with a task-based thinking-aloud protocol. In order to achieve results from quantitative and qualitative approaches, we combined three different methods. These methods are the concurrent thinking-aloud method (CTA), screen and voice capturing, and a survey after finishing the first two methods. Participants of the task-based thinking-aloud protocol included 13 regular Web 2.0 users aged 19 to 30 who were not information science students. For the online survey, there were 74 participants with the same profile.
The thinking-aloud participants were first introduced to what they should do, and it was made clear that the retrieval system is being tested, not the participants themselves. After that, the thinking-aloud test was performed. The screen and voice capturing was accomplished with the free software Wink. The participants got a small list of tasks they should do e.g., "Find all images with cats on them which are associated with disgust." In the testing room, only the participant and the instructor were present. After the thinking-aloud test was finished, the participants were asked to fill out a questionnaire containing 17 questions. The questions applied to the design of the system, the available search options, the retrieved results, the displayed emotional ratings, and to possible errors while using MEMOSE.
It was difficult for them to understand that several emotions could be chosen. The display of the emotions in the results was not universally recognized, so the ranking procedure was not clear to all participants. Regarding the free-text search, there was a problem with choosing the appropriate term; terms had to be entered as they existed in Flickr, YouTube, or last.fm. Neither a handling of singular and plural forms nor natural language processing could be utilized, although these would have proved useful. Additionally, a search for the term "pig" brought up results for pigs as well as for guinea pigs. This happened not because the term "pig" exists within the phrase "guinea pigs" but because the tag "pig" was given to the image. Since Web users are from countries all over the world, tags are not only present in English but in many other languages. Finally, the distinction between the sliders for expressed and felt emotions was not clear. The participants did not recognize the difference at first, and even after they saw the note regarding the meaning, it was not clear what they were expected to do. It became clear that another approach for the display of these two different groups of slide controls needed to be developed. There results were retrieved from the thinking-aloud test as well as from the online survey.
With about 60% the participants in the online survey were more pleased than the participants in the thinking-aloud test where 50% were pleased. Both groups of participants stated that the operation of MEMOSE was intuitive and easy to understand. The participants generally wondered why there was no option to get back to the starting page, where only the search interface without any results could be seen. 80% of the participants of the thinking-aloud test as well as of the online survey stated that the auto complete feature was very useful when typing in search terms. Regarding the interesting problem in the distinction of expressed and felt emotions, 50% of the participants in the thinking-aloud test found it reasonable to differentiate between these points after they understood the difference. In contrast a majority of 75% of the participants that took the online survey found this distinction reasonable. The remaining participants in both tests did not find it reasonable, mainly because they did not understand the distinction.
Generally speaking, the participants have high expectations for an optimal retrieval system that MEMOSE could not completely meet. The gap between the expected value and the actual value was (in the majority of cases) small. The actual value was above the mean value with a few exceptions, as previously noted. One reason for this difference includes the fact that the evaluated version of MEMOSE was the first iteration of a working prototype that had to be developed quickly. Also, the amount of available content was quite small, leading to similar results for different queries. The technical aspects were rated well, and the ability to search for emotions was described as an exciting task. However, it was not clear how this kind of retrieval system could be useful, and the majority of participants said they would not use it again. We suggest, however, that their hesitation might be due to MEMOSE's highly novel and therefore unfamiliar approach to searching; user acceptance may be higher after additional exposure to the concept of searching by emotion. A major usability issue was the display of the separated columns with the distinction between expressed and felt emotions. The participants stated clearly that this distinction was at first hard to understand. Regarding the small number of images in the database, the participants were not always satisfied with the retrieved results.
All of these results showed that MEMOSE was headed in the right direction, but some various issues prevented the participants from giving it a good rating. Based on these results, several changes were made to MEMOSE. First of all, a new design was established, making it easier to understand how the search works (see Figure 3 and Figure 6 ). The search options were moved to the middle of the screen. The options' positions no longer change when the results are displayed, as they did previously. The results display was a main area of criticism. In the evaluated version, there were two columns next to each other, with each column containing nine images, differentiated by the emotion shown or felt.
As it was difficult to understand this difference, our new approach put one result list below the other, and reduced the number of displayed images to four. The tabbed-slider environment that was presented in Section 3.2 replaced the previous results table (see Figure 7) . Consequently, the difference between the two result lists was made clearer by a small amount of text that leads to additional text where the difference is explained. The search has been extended by an advanced search, where not only emotions but also the media type and the emotion type (expressed vs. felt) can be selected, and where a search with the Boolean operators AND, OR and NOT is possible. Figure 7 . Retrieved results in a table environment in the first version of MEMOSE.
The measurement of retrieval system quality and knowledge quality are essential parts of an evaluation, but we have decided to perform such evaluation tasks at a later date because we primarily wanted to make sure that the basic dimensions of IT system quality and the IT service quality are accepted by the users. Thus not only the construction of the MEMOSE system but its evaluation as well is work in progress.
Conclusions
EmIR is a new research activity in computer science and information science. EmIR analyses the emotional content in all kinds of resources and tries to construct search engines for emotional-laden documents. In this article, we combined works from many fields. We reviewed applications of EmIR in music therapy, advertising, and private households. We noted that, at present, there is no useful system for the retrieval of emotions in images, videos and pieces of music. In order to develop an understanding of "emotion" we consulted psychological literature, and found that there is no commonly accepted definition of "emotion," but a working definition of "basic emotions" exists. We decided, based upon psychological research, to work with a set of ten basic emotions (sadness, anger, fear, disgust, shame, surprise, desire, happiness, love, and humor). Our next step was an in-depth discussion of emotional indexing and retrieval of images, music and videos in computer science and in information science. It is possible to perform information retrieval using content-based (using low-level features, such as color or shape for image indexing) or concept-based (using concepts to index the resources' meaning) methods. Due to problems with both approaches, we decided to work with a new method, adding a controlled vocabulary (for the ten basic emotions), slide controls (to adjust the emotions' intensities) and broad folksonomies (so that multiple users can tag a resource emotionally).
With the aid of user tests, we found that users are able to tag basic emotions in a consistent way, that there are stable distributions of tags per document after a few dozen users tag it, and that algorithms exist to derive the "true" emotions from the tag distributions. Consequentially, we designed and coded a prototype of a web search engine for emotional content called Media EMOtion SEarch (MEMOSE). MEMOSE is made up of an indexing sub-system and a retrieval sub-system.
An evaluation of MEMOSE (done by means of IT-SERVQUAL, Customer Value Discovery and Usability) showed that MEMOSE's basic design is well-accepted by users, but also that there are some problems to be solved. For further research and development, it seems to be necessary to process the users' tags (stored by Flickr, YouTube and Last.fm) by means of natural language processing. At the beginning of every document's presence in the system, there is no tag distribution, so the system cannot attach an emotion. Therefore, we propose a combination of content-based and concept-based indexing, of low-level features (color, shape, etc.), and limited tagging from only a few users.
